Although low exercise capacity is a risk factor for stroke, the exact mechanisms that underlie this connection are not known. As a model system for exploring the association between aerobic capacity and disease risks we applied two-way artificial selection over numerous generations in rats to produce low capacity runners (LCR) and high capacity runners (HCR). Here we compared intracerebral hemorrhage (ICH)-induced brain injury in both genders of these rat lines. HCR and LCR rats had 100 μl blood injected into the right caudate and were killed at days 1, 3, 7 and 28 for brain water content determination, immunohistochemistry, histology, Western blot, and behavioral tests. Compared to male HCRs, male LCRs had more severe ICH-induced brain injury including worse brain edema, necroptosis, brain atrophy, and neurological deficits, but not increased numbers of Fluoro-Jade C positive cells or elevated cleaved caspase-3 levels. This was associated with greater microglial activation, and heme oxygenase-1 and protease activated receptor (PAR)-1 upregulation. In females, edema was also greater in LCRs than in HCRs, although it was less severe in females than in males for both LCRs and HCRs. Thus, ICH-induced brain injury was more severe in LCRs, a model of low exercise capacity, than in HCRs. Increased activation of microglia and PAR-1 may participate mechanistically in increased ICH-susceptibility. Females were protected against ICH-induced brain edema formation in both HCRs and LCRs.
Introduction
Large-scale clinical studies show that low exercise capacity is a stronger predictor of morbidity and mortality relative to other commonly reported risk factors including hypertension, type II diabetes, obesity, or smoking (Blair et al., 1996; Kavanagh et al., 2003; Kokkinos et al., 2008; Myers et al., 2002) . These clinical association studies led to us formulate the idea that variation in capacity for oxygen metabolism is a central mechanistic determinant of the divide between complex disease and health that we termed the Aerobic Hypothesis (Koch and Britton, 2008) . Starting in 1996, we prospectively tested this hypothesis by applying divergent (two-way) artificial selection for low and high aerobic treadmill running capacity using the genetically heterogeneous N/NIH rats as the founder population (Koch and Britton, 2001) . As expected, selection produced low capacity runners (LCRs) and high capacity runners (HCRs) that differ markedly for running performance. Consistent with the aerobic hypothesis numerous disease risks segregated with selection in the LCR and resistance to disease risks segregated with selection for HCR. The LCR scored higher than the HCR for risk factors including diminished aging and longevity (Koch et al., 2011) , the metabolic syndrome (Wisloff et al., 2005) , hepatic steatosis (Thyfault et al., 2009) , and disordered capacity to oxidize lipids (Lessard et al., 2009; Rivas et al., 2011) .
While low exercise capacity is a risk factor for stroke (Kurl et al., 2009 ) as well as other forms of cardiovascular disease (Kavanagh et al., 2003; Kokkinos et al., 2008; Myers et al., 2002) , the mechanistic connection has not been defined. Here we examined differences in brain injury in an experimental model of intracerebral hemorrhage (ICH) using LCR and HCR rats. Spontaneous ICH is a common and often fatal stroke subtype accounting for 10-15% of all strokes. Mortality rates for ICH are more than 40% and many survivors have significant neurological deficits (Mendelow et al., 2005) .
We compared ICH-induced brain injury in LCRs and HCRs by measuring brain edema, brain atrophy, and behavioral deficits. We also examined a potential novel marker of ICH-induced injury, receptor-interacting protein 1 (RIP1), because this protein plays a critical role in necroptosis and contributes to renal ischemia/reperfusion injury (Linkermann et al., 2012) . The mechanisms of brain injury after ICH also include coagulation cascade activation with thrombin production (Lee et al., 1997; Xi et al., 1998), inflammation (Aronowski and Zhao, 2011) , and hemoglobinand iron-induced toxicity (Huang et al., 2002; Nakamura et al., 2004) . Therefore, we compared ICH-induced changes in LCRs and HCRs for: 1) protease activated receptor (PAR)-1, a thrombin receptor that is involved in thrombin-induced brain injury after hemorrhagic and ischemic Neurobiology of Disease 49 (2013) 22-28 
